INTRODUCTION
Benzene is a natural ingredient of crude oil and therefore has been used in various chemical products derived from petroleum; it is used as an ingredient of printing ink, organic solvent, raw material and intermediate in diverse pharmaceutical and chemical industries (e.g., rubber, lubricating oil, dye, detergent, pesticide manufacturing) and an additive in unleaded gasoline (ATSDR, 2007; Williams et al., 2008) .
The International Agency for Research on Cancer (IARC) classified benzene as carcinogenic to humans (Group 1) and reported that there is sufficient evidence of benzene's carcinogenicity in acute myeloid leukemia (AML) and acute non-lymphocytic leukemia (ANLL), and a positive association in acute lymphocytic leukemia (ALL), chronic lymphocytic leukemia (CLL), multiple myeloma and nonHodgkin lymphoma (IARC, 2012) . In line with recognition of benzene as a carcinogen, the American Conference of Governmental Industrial Hygienists (ACGIH) lowered its airborne time weighted average (TWA) threshold limit value (TLV) to 0.5 ppm in 1990 (ACGIH, 2001) , and the Ministry of Employment and Labor in Korea also reduced the exposure criterion from 1 ppm to 0.5 ppm in 2016 (MOEL, 2016) .
Even after the acknowledgement of its hazard, benzene is still included in petroleum-derived products (PDPs) not because it is used for a specific purpose but it persists as an impurity (Kopstein, 2006) . It is not only technically challenging to eliminate benzene remaining as an impurity but is also expensive to improve the impurity removal efficiency. As such, benzene is not fully eliminated but still continues to be included in petrochemical products used for industrial purposes. Therefore, it is warranted that the Material Safety Data Sheet (MSDS) of petrochemical products must provide clear information on inclusion of benzene in such products. Under the current Occupational Safety and Health Act in Korea (OSHAct), a presence of a carcinogen should be specified in the MSDS when it represents 0.1% or higher in the mixture (MOEL, 2013) . However, it has been argued that in practice, unlike regulations, benzene is often not included in MSDSs if the content is less than 0.1%, resulting in potential exposures of workers handling petrochemical products without recognizing the presence of benzene (Kopstein, 2006) .
Among 34 cases of hematopoietic diseases from 1992 to 2000 claimed in Korea, 8 cases were accepted as those related to benzene exposure and included degreasing (2 cases), painting (2 cases), and gluing (2 cases). A case of a worker with CLL who used 100% benzene as degreasing solvent at a telecommunication company was upheld by the court (Kang et al., 2005) . In 2012, the Occupational Safety & Health Research Institute (OSHRI) of Korea Occupational Safety and Health Agency (KOSHA) reported ALL in solvent-handling workers in the tire manufacturing business, ALL in thinner-handling workers in truck manufacturing, AML in gasoline-handling workers in vehicle manufacturing, and myelodysplastic syndrome in workers using printed circuit board pre-treatment and plating chemicals in the printing industry, and benzene, which may have been included at a trace amount, was suspected as the occupational cause of leukemia (OSHRI, 2012) . Nevertheless, currently there are not many investigations on the benzene content in domestically available petrochemical products and also assessments of potential exposures to workers handling petrochemicals. The benzene data in the PDPs reported in the published literature written in English language were reviewed by Williams et al. (2008) . However, the amount of benzene in the PDPs actually used in Korea has not been reported.
Against this background, the objectives of this article are (a) to review how many benzene-containing PDPs have been used in Korea; (b) to estimate inhalable benzene exposure level of workers handling benzene-containing PDPs based on the benzene exposure data reported in literatures, and (c) to demonstrate that the highly refined reagents can still contain benzene over 0.1% by weight even when the MSDS does not list benzene as an ingredient.
METHODS

Literature Search and Data Analysis
All available data on benzene-containing products existing in Korea until 2012 were collected from prior studies, reports, and epidemiological surveys using the Research Information Sharing Service (RISS: http://www.riss.kr) operated by the Korea Education & Research Information Service (KERIS). For benzene-related literatures, search terms of "benzene," "benzene containing," "benzene including," "benzene containing substance," "benzene organic solvent," "benzene printing," "benzene paint," "benzene gasoline" and "benzene thinner" were used singly or in combination in the RISS. Additional epidemiological survey reports conducted between 1997 and 2012 by the OSHRI under the OSHAct were selected as they provided the benzene content. All data were organized by setting the content as 0.1% for data reported as "> 0.1%."
A total of 128 published literatures were collected, of which 8 (Ro, 1975; Lee et al., 1990; Shin, 1995; Paik et al., 1998; Song et al., 2000; Roh et al., 2001; Lee et al., 2003; Kim et al., 2006) were used as they provided benzene content information. In addition, we selected data from 43 cases reporting benzene content out of 114 unpublished epidemiological survey reports (OSHRI, 2013) conducted between 1997 and 2012 by the OSHRI under the OSHAct. Finally, a total of 112 data sets with 131 bulk samples for benzene content information were analyzed by product types. The benzene data contained in the PDPs are summarized in terms of the sample analysis year, PDPs used industry, PDPs type, analysis method and content calculation method (weight ratio, volume ratio, etc.). If there is no information on the sample analysis year, it is replaced with the publication year.
We used the arithmetic mean (AM) as a representative value for analysis of measurements, as the best summary measure of exposure for epidemiologic studies of chronic disease (Seixas et al., 1998) . If only the number of measurements and either the geometric mean (GM) and geometric standard deviation (GSD) were provided, a lognormal distribution was assumed and Eq. (1) was used to provide an estimate of AM (Aitchison and Brown, 1963) .
For the benzene content presented with a minimummaximum range, the AM was calculated with Eq. (2) by assuming a lognormal distribution according to the following method: First, the midpoint of the log transformed minimum and maximum values provided an estimate of the mean of the log-transformed levels ( ); second, the difference between log-transformed minimum and maximum were divided by four as an estimate of the standard deviation of the log-transformed levels ( ); and finally, AM was calculated using the following formula:
When analyzing data collected based on different numbers (N) of observations, it is appropriate to weight each average by a weight that is proportional to the inverse of the variance of the mean (Park et al., 2009 ). Because we did not have variance estimates, weighted arithmetic means (WAMs) were calculated with Eq. (3).
Bulk Analysis of Benzene Content in Reagents with High Purity
On the basis of literature review (Fedoruk et al., 2003; Kopstein, 2006; Williams et al., 2008) , reagents that are likely to contain benzene were chosen, such as n-hexane, n-heptane, cyclohexane, ethylbenzene, toluene, trichloroethylene and xylene. There are two reasons for selecting reagents to confirm the benzene content in PDPs: First, as reagents have higher purity than industrial-grade products, if benzene is detected in reagents, it can be argued based on this conservative approach that industrialgrade products would have a higher content, and second, as this study is targeting products containing trace amounts of benzene, reagents were chosen as their higher purity would provide a lower benzene content than in industrialgrade items.
To investigate the difference according to manufacturing year, products with the earliest to the latest manufacturing dates were collected among reagents that are commercially available in Korea. The difference according to country of origin and manufacturer was also examined. Finally, a total of 32 reagents manufactured from 2004 to 2013 were collected. MSDSs and labeling information of reagents were also collected to compare the results of analysis. If an MSDS has not been provided along with a reagent, it was obtained by inquiring to the manufacturer or supplier.
For the bulk sample analysis, 1-µL aliquots of the samples were directly injected into gas chromatograph (GC) equipped with a mass spectrometer (TurboMass Gold, PerkinElmer, Norwalk, CT, USA) for analysis of the benzene content (weight) in reagents (weight). The temperature of the GC capillary column (60 m × 0.25 mm × 1.0 µm; VB-1, Valco Instruments Co. Inc.) was kept at 40°C for 5 min, and then ramped to 250°C at a rate of 4°C min -1 , 5°C min -1
, and 20°C min -1 with a final hold of 1 min. The temperatures of the injection port and detector were maintained at 200°C and 250°C, respectively. The flow rate of the carrier gas helium (purity of 99.999%) was 1.5 mL min -1 . Mass range was scanned from 35 to 350 atomic mass unit through selected ion recording mode. The limit of detection (LoD) for benzene (HPLC grade ≥ 99.9%, Sigma-Aldrich) was 0.005 mg L -1 .
RESULTS
Content of Benzene in PDPs Used from 1975 to 2012 in Korea
From literature review, a total of 112 data sets with benzene content were found and detailed information was listed in Appendix A. The distribution of the benzene content in each product between 1974 and 2012 was summarized in Table 1 .
In terms of number of bulk samples, thinner accounted for the largest proportion of retrieved data (n = 51), followed by coating materials (n = 23), gasoline (n = 15), solvent (n = 12), diluent (n = 8) and adhesive (n = 4). Although the number of samples was small, information on the benzene content in cleaning products, hardener, ink, printing agent, raw material, accelerant, anti-rusting oil, ethyl benzene, fuel, toluene and waste was also collected.
In terms of the maximum benzene content in each product, the highest level was reported for thinner, up to 56.7% (v/v) . Thinner also showed the widest content distribution, ranging between 0.00018% and 56.7%. Of products used prior to 1980, only thinner was reported that the WAM benzene content was 12.6% and among products used from 1981 to 1999 and after 2000, all but diluent had a mean over 0.1%.
In PDPs used after 2000, both the minimum and maximum benzene content exceeded the MSDS carcinogenicity listing criterion of 0.1% for adhesive (minimum: 0.13%, maximum: 5.7%), cleaning products (0.17%, 1.5%), raw material (1.1%, 10%) and solvent (0.5%, 8.96%). Table 1 . Summary of the benzene content in domestic petrochemical products. 
Comparison between Bulk Content and Airborne Concentration of Benzene
We compared the data which have both information of the bulk content and exposure level of benzene to workers handling those products (Table 2) . Ro (1975) reported that 14 thinner products used for dilution or washing contained benzene at 12.6% on average and measured airborne concentrations in 2 painting workplaces using these products. Workplace A had a local exhaustive ventilation (LEV) system with 2 horse power (HP) in 85 m 2 and Workplace B had one LEV with three HP and three LEVs with 2 HP in 92 m 2 . Airborne samples were analyzed with ultraviolet spectroscopy and reported as mean 30 ppm in Workplace A and 10 ppm in Workplace B. Song et al. (2000) measured the benzene content in gasoline and airborne exposure concentrations for fuelfilling workers in 7 gas stations in downtown areas and highway rest stops. Airborne concentrations were measured with low-flow pumps and charcoal tubes and analyzed with the gas chromatograph-flame ionization detector (GC-FID). Samples were collected for each of 2 work shifts (07:00-15:00, 15:00-22:00). Area samplers were placed on top of oil supply machines. Personal sampling results ranged between 0.003 ppm and 0.2 ppm, and area sampling measurements ranged between 0.004 ppm and 0.31 ppm. Volatile ingredients including benzene of gasoline bulk samples used in gas stations were also analyzed with GC-FID and found to contain benzene between 2.1% and 5.9%.
According to a study by Roh et al. (2001) , benzene was detected at 1.28% in 1 organic solvent used for dry cleaning and partial stain removal in 20 laundries. Airborne concentrations were measured with low-flow pumps and charcoal tubes, and sampling was conducted for 6 or more hours on days when dry cleaning took place. Samples were collected around workers' breathing zone, workstations and washing machines, and analyzed with GC-FID. From personal sampling, the arithmetic mean concentration was 1.43 ppm and from area sampling, the arithmetic mean airborne concentration was 1.19 ppm around workstations and 1.48 ppm around dry cleaning machines.
From an epidemiological survey in a tire manufacturing factory (OSHRI, 2013), a solvent spray solution used in an extrusion division was analyzed with GC-MS and the benzene content in evaporated ingredients ranged between 0.32% and 0.40%. Work environment was monitored for the entire 3-shift workers and samples were collected using low-flow pumps and charcoal tubes. Short-term benzene exposure concentration during a mixing operation was 2.16 ppm and personal sampling results from 14 workers ranged between 0.31 ppm and 0.84 ppm.
In a synthetic leather manufacturing factory, coating materials, solvent, catalyst and hardener were analyzed with GC-MS, and found to contain benzene between 0.7% and 2.0% (OSHRI, 2013) . Airborne concentrations were measured in July with a relatively high evaporation rate of benzene, and at the time of monitoring, only an afternoon shift was taking place due to a reduced workload compared to usual days. Airborne exposure concentrations ranged between 0.02 ppm and 0.05 ppm.
In an epidemiological survey in a vehicle manufacturing factory (OSHRI, 2013) , the benzene content in gasoline used in vehicle instrument cluster development testing was 4% according to the product specification. Vehicle instrument cluster refer to the instrument cluster which collects various information about the car such as speed, rotation per minute (RPM), fuel quantity, coolant temperature gauge, etc. at a glance. During development testing of vehicle instrument cluster, personal sampling results in 2 workers ranged between 3.5 ppm and 6.68 ppm. Area sampling measurements ranged between 2.67 ppm and 4.0 ppm.
In an epidemiological survey in a speaker cone paper manufacturing factory (OSHRI, 2013) , benzene content in adhesive bond and airborne benzene exposure concentrations during working hours were measured. Bond ingredients were analyzed with GC-MS, and detected benzene in the bond used for kit bonding and lacquer bonding was at 0.13% and 5.66%, respectively. Airborne concentrations were measured with charcoal tubes near a worker's breathing zone and on workstations close to the worker's respiratory system. 8-h weighted mean airborne concentration was 0.05 ppm for kit bonding and lead wire insertion, and the area sampling result at the kit bonding place and the area between lacquer spraying and kit bonding was 0.05 ppm and 0.06 ppm, respectively. There was no ventilation system in the workplace.
In epidemiological survey conducted by KOSHA (OSHRI, 2013) at a painting factory, benzene was detected at 0.01% and 0.05% in 2 samples of used paints, and airborne concentrations ranged between 0.01 ppm and 6.55 ppm for block painting at a dock and operations inside a ship and in a painting shop.
KOSHA (OSHRI, 2013) monitored a raw material filling operation in a lubricating oil production factory and reported that the airborne exposure concentrations of the main worker who personally observed the filling and a supportive worker were 0.43 ppm and 0.31 ppm, respectively. Sampling was conducted for a 2-h work shift as the filling operation takes about 2 hours and occurs approximately once every 2 months. The lubricating oil was analyzed and found to contain benzene at 1.1%.
Confirmation of Benzene Content in Reagents
A total of 32 products of 7 reagents, including cyclohexane, ethylbenzene, n-heptane, n-hexane, toluene, trichloroethylene and xylene were analyzed to confirm the trace level of benzene. Table 3 shows the summary of the results of benzene analyses in 32 bulk samples. Benzene was detected in 13 products of 6 reagent chemicals (n-heptane products being the exception). The maximum benzene content was 0.166% in trichloroethylene, followed by 0.146% in ethylbenzene, 0.064% in toluene, 0.009% in xylene and 0.004% in n-hexane. In some of ethylbenzene (R-8, R-9) and trichloroethylene (R-28) reagents with detected benzene, the level exceeded the MSDS carcinogenicity listing criterion of 0.1%. However, no reagents had benzene information listed in MSDS or labeling as an ingredient. 
DISCUSSION
In Korea, domestic benzene production has steadily increased from 1.28 million tonnes in 1995 to 3.23 million tonnes in 2012. Benzene is mainly used as raw materials for styrene monomer, phenol, cyclohexane, aniline, maleic anhydride, and alkylbenzene (KPIA, 2012) . Benzene could be also contained as impurities in PDPs such as cleaning agents, adhesives and thinners, which are mainly used in the workplace. However, these products often do not provide benzene information in the MSDS. Therefore, this study attempts to collect as much reported data as possible on the benzene content in PDPs used in Korea.
Based on the Korean domestic data collection, thinner had the highest benzene content of 56.7% in 1997, followed by 30.1% for printing agent in 2005, 8.96% for solvents used at maintenance and repair services of motor vehicles in 2005, and 6.0% for gasoline in 2002 (Table 1) . The results of this study showed that Korean PDPs contain more benzene content than the data reported by Williams et al. (2008) , who reviewed the benzene content data of PDPs reported in the literature from 1956 to 2003. According to their report, the benzene content of petroleum naphthas and other solvents sometimes used in the rubber coating industry was found to equal or exceed 1% in the mid-1950s and early 1960s, with benzene concentrations as high as 9% measured for some naphtha solvents. Hexane, heptane, rubber solvents, lacquer diluents, and toluene also typically contained benzene concentrations at or above 0.1% (v/v) prior to 1978. However, the benzene content of PDPs declined significantly after the late 1970s and early 1980s and is currently < 0.1% (v/v) for most commercial products.
Among the 112 data points, the data on thinner products composed the largest share (51 points), and the content of benzene showed a wide range from 0.00018% to 56.7%. The level of benzene content in the thinner product showed different characteristics depending on the type of thinner. Table 4 compares the results of four studies that report the amount of benzene contained in the thinner according to the type of thinner. Ro (1975) analyzed the benzene content among the 14 thinner products sold in 1974, but no information on thinner types was reported. It is reported that the cause of benzene in thinner is the impurity of industrial toluene, which is the main ingredient in thinner. The benzene and toluene concentrations in each thinner reported in Ro's study are positively correlated (R = 0.68) as shown in Fig. 1 , and benzene can be estimated to be about 28% of the toluene content. Paik et al. (1998) reported that toluene is the most commonly detected substance in thinners and benzene is not detected in automotive paint thinners. Instead of benzene, xylene, toluene, cellosolve acetate, butyl cellosolve and butyl acetate were frequently detected in automotive paint thinners in Paik's study. In fact, Lee et al. (2003) visited 7 automobile manufacturers and collected 70 paint thinners used in painting process and analyzed their benzene content. As a result, it was reported that trace amounts of 0.00018-0.00747% were detected in 7 thinners only. In addition, xylene was detected most frequently, and toluene and cellosolve materials were identified, similar to Paik's reports.
The content of benzene in all PDPs and thinner products showed a tendency to decrease with the year as shown in Fig. 2 . However, until 2010, the maximum benzene content in all PDPs and thinner products exceeded 1% and 0.1% respectively. In terms of gasoline, benzene has been used to improve the octane value. However, with awareness of risks of benzene, the Korean criterion of benzene content in gasoline was gradually lowered from 6.0% in 1992 to 5% in 1996 5% in , 4% in 1998 5% in , 2% in 2000 5% in , 1.5% in 2002 5% in and 0.7% in 2009 5% in (Sheen, 2001 ME, 2012) . Despite such regulation, analysis results showed that the benzene content in gasoline still exceeds the 2002 criterion of 1.5%, with some data reporting the benzene content as 6.0% in 2002 and 4.0% in 2007; and although the criterion for benzene in gasoline was reduced to 0.7% in 2009, 0.86% was reported in 2012. Tsai et al. (2017) reported that the benzene content of commercial unleaded gasoline made in Taiwan, United States and Europe is 0.52% (v/v), 0.50-0.54% (v/v) and not available, respectively. Reducing the benzene content in gasoline is crucial for reduction of the benzene emissions during the combustion of automotive vehicles. Yao et al. (2017) investigated organic air pollutant emissions from motorcycles by using various ethanol-gasoline blends. They reported that the content of benzene in commercial unleaded gasoline is 0.6%, and that as the mixing ratio of ethanol increases, the content of benzene decreases to 0.1%. When the mixing ratio of ethanol increases, the benzene emissions (mg km -1 ) decreased from 8.9 mg km -1
with commercial gasoline to 4.2 mg km -1 with 30% (v/v) ethanol in gasoline. Roh et al. (2000) reported that dry cleaning solvents used in Korean laundries were petroleum-based and contained more than 1% benzene. In 1990, about 53% of world demand for tetrachloroethylene was for dry cleaning used in USA, western Europe and Japan, and it was the cleaning fluid used by about 75% of all dry cleaners (Linak et al., 1992) . However, more than 90% of the laundry solvents used in Korea until 2000 were petroleum-based solvents. Jeong et al. (2005) also investigated aromatic hydrocarbons contained in petroleum-based solvents used at 13 laundries in 2002, but only xylene was detected. Jeong et al. (2005) explained that domestic refiners are converting aromatics into naphthene compounds by adding a hydrogenation process to eliminate aromatic odors as much as possible.
Few studies have examined the benzene content in PDPs and personal exposure concentrations of handling workers. Only 3 of the 8 articles investigating benzene content in PDPs reported airborne benzene exposure ( Table 2 ). The benzene content in a product is one of the key factors that determine the benzene exposure level. However, exposure concentrations in air are affected by the conditions under which benzene containing products are handled, such as ventilation conditions, workplace temperatures, and length of time to handle the benzene-containing products (Kopstein, 2006) . In a study by Song et al. (2000) , gas station operators who handled gasoline with a benzene content of 2.1-5.9% were exposed to benzene in air at a concentration of 0.003-0.2 ppm. On the other hand, Roh et al. (2001) reported that the geometric mean benzene exposure level of workers handling dry cleaning solvent containing 1.28% of benzene was 1.43 ppm. Laundry workers work indoors, but because the gas station workers work outdoors, there is a high probability that the benzene concentration in the air will be diluted.
To estimate benzene exposures of workers handling products containing trace amounts of benzene, a Similar Exposure Group (SEG) method can be used. Exposure estimation using the SEG has been verified in a simulation Fig. 1 . Correlation between benzene and toluene content in 14 thinner products used in 1974 (Ro, 1975) .
by Fedoruk et al. (2003) . Workers who handle products with known benzene content and airborne exposure concentrations are used as a "reference SEG." Those who handle benzenecontaining similar products under comparable working conditions are classified as a "compared SEG." The exposure level of the "compared SEG" is estimated using a linear function in which the airborne exposure level increases in proportion to the benzene mole fraction according to Raoult's law. In other words, as presented in Eq. (4), the airborne benzene exposure concentration (C ppm, SEG-C ) of the "compared SEG" is estimated by calculating the ratio of the benzene content (R Bz ) in the product used by the "compared SEG" to that of the "reference SEG" multiplied with the airborne exposure level (C ppm, SEG-R ) of the "reference SEG."
In order to predict the benzene exposure well, there should be sufficient information on the operating conditions and work environment for the "reference SEG." Therefore, among the data on the benzene content in PDPs used in Korea and airborne exposure concentrations for handling workers, data that provide relatively enough information on work circumstances were used for SEG-based benzene exposure estimation, and the results are presented in Table 5 . Ro (1975) reported that the mean benzene content was 12.6% for 14 thinner products that were available at the time of the study and the airborne exposure concentration was 30 ppm for thinner-handling painting workers in a workplace with one LEV. Assuming the benzene content in thinner as 0.21%, workers' airborne exposure level under similar work conditions can reach 0.5 ppm, the current exposure criterion in Korea. Even at 0.1% of benzene in thinner, the exposure level can reach around half the level of the exposure criterion of 0.5 ppm.
According to the epidemiological survey for a shipbuilding industry performed in 2002 by the KOSHA (OSHRI, 2013), the mean airborne exposure level of benzene was 0.92 ppm for spray painting workers, 0.06 ppm for brush painting workers and up to 6.5 ppm for painting workers in a confined block. Under similar work conditions, use of thinner with a benzene content of 0.1% and paint with a benzene content of 0.5% in a confined place may lead to a high-level exposure up to 65 ppm.
In an epidemiological survey of a lubricating oil production factory conducted in 2006 (OSHRI, 2013 , the exposure level of workers engaged in raw material filling containing benzene of 1.1% was 0.37 ppm. Under similar work conditions, if the benzene content is assumed as 3%, the exposure level can reach double the level of domestic exposure criterion and if the benzene content is 0.3%, the exposure is expected to meet the USA NIOSH recommendation exposure level of 0.1 ppm.
The MSDS is a crucial means of providing information on a chemical and serves as a basis of a comprehensive chemical management system. It is recognized as a representative tool of information communication to prevent accidents and occupational diseases and satisfy workers' right to know by disclosing hazards and risks of a chemical and enabling its safe handling. However, as shown from Table 3 , content information differed between product labels and MSDSs for 11 (34.4%) products and was consistent for only 5 (15.6%) products. 10 (31.3%) products had no content information in MSDSs, and MSDSs were not available for 6 (18.7%) products. In case of n-hexane, xylene and trichloroethylene, the content on product labels and MSDSs was inconsistent in all cases. Furthermore, no product had benzene listed as an ingredient.
As indicated by this study's findings, benzene is still included in PDPs not because it is used for a specific purpose, but it remains as an impurity. Consequently, products are being distributed and used with benzene unremoved. Kopstein (2006) this. First, it is technically highly challenging to eliminate benzene, and second, it incurs high expenses to improve the efficiency of benzene impurity removal so that industrialgrade petrochemical products are used without eliminating benzene. Third, in separation of a mixture, it is not technically feasible yet to separate materials with similar boiling points. Such results suggest that if the presence of benzene is not specified in the MSDS and the label of a petrochemical product, workers who handle the product will engage in operations without recognizing that the product may contain benzene.
CONCLUSION
The amount of benzene contained in petroleum-derived products is one of the key factors that determine the level of exposure. This study was conducted to assess the levels of benzene in PDPs through literature reviews reported in Korea and to estimate the inhalable benzene to which workers who handle PDPs containing trace amounts of benzene are exposed. Thinner had the highest benzene content (56.7% in 1997), followed by printing agent (30.1% in 2005) , solvent used in the maintenance and repair of motor vehicles (8.96% in 2005) , and gasoline (6.0% in 2002). The amount of benzene contained in the PDPs exhibited a declining trend over the years, but workers handling thinners containing less than 0.1% benzene were found to be exposed to concentrations above 1 ppm. 13 of the 32 reagents were also confirmed to contain benzene, and the products of trichlorethylene and ethylbenzene contained more than 0.1% benzene. However, no reagents listed benzene as an ingredient or included information about it in the material safety data sheet. If there is a possibility of benzene exposure, even when the benzene content is below 0.1%, specifying the presence of benzene in the MSDSs of PDPs to ensure the protection of workers is warranted. In terms of a retrospective epidemiological survey for compensation, information about benzene in PDPs is crucial evidence that demonstrates the association between illnesses in PDP-handling workers and benzene exposure. Our results provide a basis for estimating that exposure.
